A Study in Physiological Anthropometryt This paper analyses the contributions of different components of the oxygen transport system to aerobic capacity, which is the maximum uptake of oxygen during exercise. The transport system is illustrated in Fig 1; its components and some physiological indices by which the components may be described are listed in Table 1. In a system designed solely for exercise the components might be so related that the performance of any one would indicate the performance of the whole. This ideal is not achieved in practice partly because the components have other functions; for example, the ventilatory capacity for speech, the lung volume for buoyancy and the circulation for the sustenance of the viscera. In addition the components exhibit genetic variation and are "Requests for reprints should be addressed to affected by ageing and by environmental factors, including diet, physical activity, climate and atmospheric pollution, including personal pollution by tobacco smoke. They also show\ interaction so that an increase in h21mloglobin concentration may supplement or r-eplace an increase in cardiac output and atn increase in ventilation may minimize the consequences of Explosive force *vo=02 uptake; for the need for standardization to a constant oxygen uptake see Cotes (1969) limitation to transfer of gases in the lung. Our data suggest that, despite these causes of variability, the study of the components of the oxygen transport system is of practical use in interpreting variations in human exercise performance.
Studies in Young Adults
A pilot study of 46 young adults of both sexes was undertaken in Leeds in the summer of 1966 as part of the United Kingdom's contribution to the preparatory stage of the International Biological Programme ). We measured the aerobic capacity on a bicycle ergometer, together with indices of body structure and function both at rest and during sub-maximal exercise. One hundred and fifty measurements were tabulated for each subject; those which seemed to be most informative are listed in Table 2 together with the mean values for the subjects sub-divided into three groups, female and male factory workers and male athletes. The female subjects were engaged mainly on light work in offices and laboratories, the male workers were mostly doing heavy work entailing handling of metal castings, whilst the three athletes, of international status, were a shot and discus thrower, a weight lifter and an oarsman. The data for the indices listed in Table 2 are significantly correlated with the aerobic capacity both within the groups of male and female factory workers (Fig 2) and between the groups; some of the latter relationships are illustrated in Fig 3 .
These findings suggest that in healthy young adults the components of the oxygen transport system are indeed matched to the aerobic capacity and, at least to some extent, are intercorrelated. Thus for these subjects the aerobic capacity may be described in terms of a limited number of indices; using the present data the best for this purpose are the cardiac frequency at an oxygen uptake of 1P5 (or for female subjects 1 0) 1 min-1, .am5
together with either the body potassium or both the vital capacity and the width of the muscle mass in the thigh. The residual standard deviation about the regression lines is in the range 019 to 0261 min-' (Table 3 ). The aerobic capacities of all three groups are described with similar precision; this suggests that the lower maximal oxygen uptakes in the females and the higher uptakes in the athletes compared with the male factory workers are mainly the result of quantitative differences in those organs which contribute to the capacity for exercise, including the lungs, heart and muscles. There may also be qualitative differences in function of organs which are independent of their dimensions, but the data suggest that in normal circumstances these are of secondary importance.
Relationz to Physical Fitness These observations are relevant to physical fitness which is usually considered by physiologists to be synonymous with capacity for exercise (Edholm 1969 subject for study by physiologists who are not much concerned with organ size. Thus a subject who is fit in the physiological sense is one in whom physiological adaptation to the environment is as complete as possible; he is able to make the maximum use of his bodily endowment. He does not necessarily have a high capacity for exercise. This demonstrates the fallacy of identifying physical fitness with aerobic capacity. However, the components of an individual's capacity for exercise may be used to derive a hypothetical value against which the actual performance can be compared. For this purpose it may be appropriate to subdivide the relevant indices into physical dimensions which, in adult life, change relatively slowly, and functional dimensions which are more labile.
Effects ofAge
The findings from a cross-sectional study of the effects of age, using as subjects fit male volunteers from the Royal Navy (Davies 1968 ) and adult females drawn from a rural district near Cardiff, are summarized in Table 4 . This shows that, at least up to the age of 55 years, there is little change in the quantity of muscle assessed either directly as the width of the thigh muscle or indirectly as the body potassium; there is also little change in total body himoglobin. The size of the heart increases with age and this may contribute to the maximum cardiac frequency during exercise being lower in old than in young subjects. The function of the lungs including ventilatory capacity, distribution of ventilation and perfusion, and the gas transfer characteristics of the alveolar membrane also show evidence of deterioration; the changes give rise to an increase in ventilation Calfmuscle cm 7 0 7 0 * At°2 consumption in the male subjects of 1 5 1 minsl and in the female subjects 1 01 min-* Significant trend with age for the group as a whole (P <0 05) during exercise with respect to the consumption of oxygen. On this account the addition of a term for exercise ventilation to the equation for description of the maximum oxygen uptake in young adults (Table 3 ) extends its application to include those who are middle aged; the aerobic capacity may also be described in terms of the dimensions, together with age. In the latter relationship the volume of the heart contributes to the maximum oxygen uptake on account of the high positive correlation in subjects of comparable age; this is implicit in the relationship for cardiac interval illustrated in Fig 2. Due to the volume of the heart increasing with age there is also a small negative component which is fully corrected by the other terms.
A Preliminary Look at the Roles of Genetic and Environmental Factors The relationships we have been considering refer to men and women of European descent who are free from overt disease, live in a temperate climate and eat a normal mixed diet. From data on other ethnic groups and other environments, it has been observed that both the transfer factor in appropriate units (Cotes 1968) , and the capacity for exercise (Malhotra et al. 1966 , Edholm 1969 , are independent of ethnic group. By contrast the lung volumes and ventilatory capacity are larger in people of European descent than in other groups (Cotes 1968 (Pugh 1967) exerts a marked deleterious effect upon perform-ance; thus the prediction equations may not be valid in these circumstances. Their relevance for subjects who are fully acclimatized to different environments has still to be determined.
Effects ofImpaired Function of the Oxygen Transport System
The approach we are suggesting should be relevant for medical conditions in which there is impairment of one or other of the factors underlying the capacity for exercise. However, for this application to be worth pursuing two things are necessary: (1) The relevant factor should be represented in the relationship directly and not indirectly through a second factor which may not itself be impaired to the same extent. For example, in the case of a patient with an obstructive type of ventilatory defect the ventilatory capacity should be represented by the forced expiratory volume rather than the vital capacity; similarly for a patient with a transfer defect the relationship should include either the transfer factor or both it and the ventilation during submaximal exercise.
(2) The condition should be one where the change which is responsible for the impairment operates in a way similar to that in healthy subjects; thus it would be appropriate to apply the relationship to muscle wasting due to starvation but not to pseudohypertrophic muscular dystrophy or poliomyelitis affecting a small group of muscles. Similarly it might be applied to a case of irondeficiency anemia but not to a patient with poly- wasting or obesitv orwhere there is need to exclude an organic cause for wvhat may otherwise be a functional disorder. Some conditions to which the method might he applied are listed in Table 5 . One sitilation to which we have applied the method is in patients wvith iron deficiency who were asyniptomatic but in whom anxmia (Hb 8-6 g "') va's detected during a community survey. We found for these subjects that the factors underlying capacity for exercise, with the exception of total body hsmoglobin and to a lesser extent the transfer-factor, were identical with those in control subjects. This result, which was reported briefly by Elw\ood (1969) , is evidence for the subjects not incurring any hanidicap during their norm-lal daily activities. Other data suggest that the aerobic capacity is also relatively normal (Sproule 1967), but this is not consistent with the underlying physiology (Fig 1) . Thus there is still a need for direct evidence on the contribution of total body h2moglobin to the capacity for exercise. We suggest that in other situations the indirect appr-oach is also likely to be rewarding.
The capacity for exercise as measured by the maximum oxygen uptake (aerobic capacity) reflects the integrated function of the oxygen transport system of the body including the lungs, heart, blood and active muscles. The dimensions are determined by the interaction of genetic constitution and environmental factors including nutrition and customary activity; the heterogeneity of these variables devalues the convention of equating physical fitness with aerobic capacity.
For healthy British subjects we have shown that the aerobic capacity may be described by linear regression equations based on functional dimensions including vital capacity, ventilation and cardiac frequency at an oxygen uptake of 1-5 I min I and the width of the muscle mass of the thighs. The equations may be extended by additional terms including ventilatory capacity, the gas transfer factor for the lung and total body hlmoglobin. This application of physiological anthropometry provides a means for analysing the contributions to exercise capacity of body size, ethnic group and the effects of both different environments and suspected disorders of the oxygen transport systemi.
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Factors Predisposing to Ischaemic Heart Disease Current work on factors predisposing to ischxmic heart disease is being mainly concentrated on efforts to predict which men will develop the disease during middle age; this paper deals not only with the role of physical activity and physical fitness, but also with the many other factors involved.
The prediction of ischxmic heart disease has had to be approached -epidemiologicallyby incidence studies of the condition. In these studies, defined populations are initially examined, and those with the disease (the 'prevalence' cases) are excluded from the follow-up stage. Those initially free of the disease are re-examined after a period, and new, or 'incidence' cases, are identified. It is then possible to describe those who have, or have not, developed the disease in terms of the variables measured at the initial examination.
Early pathological work had clearly demonstrated the key position of cholesterol and other lipids in the development of atheroma, so that
